Human caliciviruses (HuCVs) have been grouped into two genera: Norovirus and Sapovirus (www.ictvdb.iacr.ac.uk/Ictv). Noroviruses that infect humans, which have been previously termed Norwalk-like viruses or small round structured viruses, have been divided into genogroups I and II (3, 4, 21) . Norwalk virus is a prototype strain for genogroup I, while Snow Mountain virus is a prototype strain for genogroup II. These genogroups are further divided into subtypes or genetic clusters (4, 14, 43) . Sapporo virus is the prototype sapovirus.
HuCVs are a major cause of acute nonbacterial gastroenteritis worldwide. Illness occurs in people of all ages, is characterized by nausea, vomiting, and diarrhea, and is rarely fatal (20, 22, 42) . HuCVs are transmitted predominantly through the fecal-oral route but may also be transmitted though person-to-person contact (8, 17, 37, 41) . There have been numerous outbreaks due to HuCV-contaminated foods, such as shellfish, salads, and deli sandwiches (1, 12, 14, 19, 26, 31, 38) and to HuCV contamination of water (5, 9, 23, 27, 29, 30, 34, 40) . The presence of HuCV in recreational and drinking water sources is a public health concern due to the potential for widespread outbreaks. Rapid and reliable methods to detect HuCV in contaminated water sources are necessary to limit and/or prevent such outbreaks. Unlike other pathogenic viruses, HuCV cannot be propagated in cell culture, and there are no animal models of infection (39) .
Reverse transcription-PCR (RT-PCR) has become a favored diagnostic tool in the investigation of outbreaks of gastroenteritis of suspected viral origin (13, 24-26, 28, 31, 32, 35, 44, 45) because it is rapid and sensitive. Several nonbacterial outbreaks of gastroenteritis, which were classified as of unknown etiology, are now being attributed to noroviruses through the use of RT-PCR (15) . In this report, we describe an outbreak of gastroenteritis that occurred at a saloon in central Wyoming. Illness was linked to exposure to fecally contaminated groundwater. To our knowledge, this is one of the few reports (2, 5) where epidemiological and environmental data have been supported by molecular data in the analysis of a waterborne norovirus outbreak in the United States.
MATERIALS AND METHODS
Epidemiologic investigation. A retrospective cohort study was conducted by telephone interview following a report of an outbreak of gastroenteritis in a saloon in central Wyoming during September and October 2001. The epidemiological data were analyzed with Epi Info 2000 (Centers for Disease Control and Prevention, Atlanta, Ga.), and the risk ratio and 95% confidence level for consumption of drinking water from the saloon were calculated.
Environmental investigation. An environmental survey of the premises was performed to investigate the construction of the well and the possible sources of well water contamination. The investigation included an examination of the well construction log, current well and chlorinator conditions, monitoring records, and potential sources of contamination.
Coliform analysis. Six samples each of well water (taken at the well head) and tap water were collected on 24 October and tested for the presence of fecal and total coliforms.
Water sample processing. A standard filter apparatus (16) containing a 1MDS positively charged, 10-inch cartridge filter was used to concentrate viruses from 2,010 liters of the saloon's well water on 26 October. The filter was shipped by overnight delivery to the U.S. Environmental Protection Agency (EPA) laboratories in Cincinnati, Ohio, where virus was eluted from the filter and concentrated by a modification of the Celite procedure of Dahling (11) . Briefly, filters were eluted with 1.6 liters of 1.5% beef extract (Adams Scientific, West Warwick, R.I.), pH 9.0, twice. The second elution was performed by filling the cartridge housing with beef extract and storing it at room temperature overnight before finishing the elution with the remaining portion of beef extract. Viruses were further concentrated from each elution with the addition of 1.6 g of Celite (Ohio Valley Specialty Chemical, Marietta, Ohio) and pH adjustment to 4.0 with 1 M HCl. After 10 min of stirring, Celite was collected on a sterile filter (Millipore, Bedford, Mass.) with a Buchner funnel. Viruses collected on the filter were eluted with 80 ml of 0.15 M sodium phosphate (pH 9.0). The concentrate was then adjusted to pH 7.0 and passed through a 0.2-m-pore-size Acrodisc filter (Pall Gelman Laboratory, Ann Arbor, Mich.).
The concentrates from the first and second eluates were treated for inhibitor removal and viral concentration according to the method of Fout and colleagues (17) . Briefly, viruses present in 32 ml of each concentrate were pelleted by ultracentrifugation through a 30% sucrose layer at 131,500 ϫ g for 4.5 h, and the viral pellets were resuspended in phosphate-buffered saline (PBS) with 0.2% bovine serum albumin (BSA) (crystalline grade; U.S. Biochemicals, Cleveland, Ohio). The resuspended pellets were then treated with an equal volume of 0.01% dithiozone (diphenylthiocarbazone)-0.01 M 8-hydroxyquinoline-chloroformbutanol-methanol-trichloroethane (0.1/0.9/1/0.25/0.25, vol/vol/vol/vol/vol), prepared with stock solutions of 0.01% dithiozone (Fisher Scientific, Pittsburgh, Pa.) and 0.01 M 8-hydroxyquinoline (Fisher Scientific) in chloroform. Samples were mixed by vortexing for 30 s, followed by a 15-s incubation at room temperature, a second 30-s vortex, and a 30-s incubation at room temperature. The samples were centrifuged at 18,000 ϫ g for 10 min at 4°C to separate the aqueous and organic phases. The aqueous layer from each sample was removed and further concentrated on Microcon-100 filter units (Amicon, Inc., Beverly, Mass.). Following the concentration and inhibitor removal, the samples were subjected to analysis by RT-PCR either directly or after RNA extraction.
Stool sample processing. Outbreak-associated stool samples were mixed 1:1 to 1:1.5 with PBS with 0.2% BSA to bring all samples to a volume of 2 ml and similar consistencies. The samples were extracted with an equal volume of 0.01% dithiozone-0.01 M 8-hydroxyquinoline-chloroform-butanol-methanol-trichloroethane (0.1/0.9/1/0.25/0.25, vol/vol/vol/vol/vol) as described above, except that the organic phase from each extraction was reextracted with 0.5 ml of PBS with 0.2% BSA. The two aqueous layers were combined, centrifuged again at 14,000 rpm for 10 min at 4°C, concentrated on Microcon-100 filter units, and stored at 4°C until analysis by RT-PCR.
TRIzol LS extraction of RNA. Total RNA was extracted from 30 l of the concentrated water sample with TRIzol LS reagent (Life Technologies, Gaithersburg, Md.). Briefly, 30 l of sample was brought to a final volume of 0.25 ml with PBS containing 0.2% BSA and then mixed, by vortexing, with 0.75 ml of TRIzol LS reagent. The samples were processed in accordance with the manufacturer's instructions, and the RNA pellet was dissolved in 30 l of diethyl pyrocarbonate-treated water.
RT-PCR analysis. Two primer pair sets that amplify a 213-bp region of the polymerase gene of noroviruses (6, 14) were used for RT-PCR analysis (Table 1) . RT was performed in a 30-l volume containing 5 l of water or stool sample extract or sample RNA, 10 mM Tris, pH 8.3, 50 mM KCl, 0.67 mM (each) deoxynucleoside triphosphate, 1.5 mM MgCl 2 , and 50 pmol of one set or both sets of cDNA sense primers ( Table 1 ). The RT reaction mixtures were heated to 99°C for 5 min to release and denature the viral RNA and then quick-cooled on ice for 5 min, followed by the addition of 50 U of murine leukemia virus reverse transcriptase (Applied Biosystems, Foster City, Calif.) and 7.5 U of RNAsin (Promega, Madison, Wis.). The RT reaction mixtures were incubated for 1 h at 43°C, followed by 5 min at 95°C and a 4°C soak.
The PCRs were performed in a final volume of 100 l, which included the 30-l RT reaction mixture, with final concentrations of 10 mM Tris, pH 8.3, 50 mM KCl, 0.2 mM (each) deoxynucleoside triphosphate, 2.25 mM MgCl 2 , 50 pmol of one or both RNA sense primers, and 5 U of Amplitaq Gold DNA polymerase (Applied Biosystems). The reaction mixtures were incubated at 94°C for 10 min, followed by 40 cycles of denaturation at 94°C for 30 s, annealing at 50°C for 1 min 30 s, and elongation at 72°C for 1 min, and then a final soak at 72°C for 7 min. The RT-PCR products were analyzed for the presence of a 213-bp fragment on a 3% high-resolution blend agarose (Amresco, Solon, Ohio) gel, stained with SYBR Green I, and photographed with a Kodak digital camera. Norovirus-positive and -negative controls were included in all assays.
Cloning of RT-PCR products. Prior to cloning, PCR products were reamplified by using the PCR conditions described above, except that 0.1 l of sample from the previous amplification and 60 pmol of each primer were used and amplification was carried out for 25 cycles at an extension temperature of 60 rather than 72°C. The resulting amplicons were ligated into the TA cloning vector pCRII (Invitrogen, Carlsbad, Calif.) and transformed into competent Escherichia coli strain DH5␣ (Life Technologies) by using the manufacturer's procedures. Clones were screened by PCR using the conditions described above.
For cloning water sample RT-PCR products amplified with genogroup II primers, the DNA band was eluted from 1% agarose (Amresco) and purified with the QIAquick gel extraction kit (Qiagen, Valencia, Calif.) according to the manufacturer's instructions. It was then cloned into the pCRII vector.
Sequencing. Clones containing the correct-size insert were sequenced in both directions with T7 and SP6 primers by using the ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction kit on an ABI Prism 3700 DNA analyzer. Sequences derived from the viruses present in the water and stool samples were aligned with known HuCV sequences by using MegAlign, version 5.03 (DNAStar, Madison, Wis.).
RESULTS
Epidemiologic investigation. An outbreak of gastroenteritis in patrons of a saloon in central Wyoming occurred during September and October 2001 (Fig. 1) . A total of 76% (84 of 111) of the patrons interviewed by telephone developed acute gastroenteritis. Of the ill patrons, 91% reported nausea, 85% reported diarrhea, 82% reported vomiting, and 73% reported muscle aches. The average duration of illness was 2 days. Ill patrons were 4.5 times more likely to have exposure to drinking water and/or ice than nonill patrons (relative risk ϭ 4.5; 95% confidence interval, 1.3 to 15.9). An epidemiologic analysis of the relative risk of 41 food items from the menu indicated that none were statistically associated with illness.
Environmental investigation. The Wyoming Department of Environmental Quality construction specifications require a minimum separation distance of 50 ft between a septic tank and a well and 100 ft between the septic tank leach field and a well for facilities with less than 2,000 gallons per day of domestic sewage flow. An environmental survey of the premises revealed that the saloon's only well was 50 ft away from its septic tank. However, the septic tank showed signs of being damaged and the leach field from another septic tank was within 50 ft of the well. The well was also 100 ft away from the effluent disposal of an recreational vehicle park located uphill of the saloon. The well was drilled through fractured basalt in 1977 to a depth of 80 ft. The casing of the well was fitted with a terminal screen and had perforations located between 65 and 75 ft below grade.
Water quality monitoring records of routine quarterly samples indicated that the well had been positive for fecal coli- MON431 TGG ACI AGR GGI CCY AAY CA  II  RNA  MON432 TGG ACI CGY GGI CCY AAY CA  I  RNA  MON433 GAA YCT CAT CCA YCT GAA CAT  II HuCV analysis. RT-PCRs were performed on total RNA extracted from water sample eluate with a mixture of the genogroup I and II primers. The results of these reactions showed amplification of a 213-bp fragment (data not shown). To give an indication of what types of noroviruses might be present in the water sample, additional reactions were performed with the genogroup I and II primers separately. The results of a representative assay using genogroup I primers are shown in Fig. 2 .
Three outbreak-associated stool samples were analyzed by RT-PCR using either a mixture of genogroup I and II primers or each primer set separately. All stool samples showed a 213-bp fragment following gel electrophoresis with at least one of the three primer sets used (data not shown).
Since a positive RT-PCR product could represent more than one norovirus strain, products were cloned prior to sequencing. Norovirus-specific clones were obtained from RT-PCRs using mixed genogroup I and genogroup II primers with the well water sample and two stool samples. Norovirus-specific clones could be obtained from a third stool sample only following amplification with genogroup I primers. Eleven clones from the water sample were sequenced, and 2 or 3 from each stool sample were sequenced.
Sequence comparisons showed that the norovirus strain found in water was identical to that found in one stool sample in the 173-bp region between the primers (Fig. 3) and differed by three point mutations from the strain in a second stool sample. Phylogenetic analysis showed that these outbreak isolates had 96% homology to genogroup I, genetic cluster 3 (Fig.  4) . The third stool sample showed 89 and 87% homologies to genogroup II, genetic clusters 6 and 7, respectively. Sequences of norovirus isolates from water and the three stool samples were also compared with Norwalk virus (genogroup I positive control) and P99 (genogroup II positive control) to rule out contamination from controls. Results indicated that the control sequences were sufficiently different from those of the water and stool isolates (Fig. 1) . Although the RT-PCR results using genogroup II primers were positive based on gel electrophoresis, sequencing of clones obtained from these reactions failed to reveal any homology to genogroup II noroviruses in the water sample.
DISCUSSION
This report illustrates that noroviruses were associated with an outbreak of gastroenteritis that affected at least 84 patrons of a saloon in central Wyoming. An epidemiological investigation linked illness to the saloon's well water and ice. The outbreak began during the last week of September, but most cases occurred during the fourth week of October (Fig. 1) . The State of Wyoming was notified of the outbreak and closed the saloon on 22 October. An environmental survey of the saloon's public water system indicated that it was vulnerable to fecal contamination. The system is classified as a noncommunity, transient groundwater system. This classification mandates analysis of water samples for coliform bacteria quarterly and nitrate and nitrite analysis annually (40 CFR part 141) and requires that the state be notified following violations. Required monitoring was performed by the facility, but it is not clear whether the two coliform bacteria violations were reported. Monitoring records indicated that the measured nitrate levels of 1.5 to 5.1 mg/liter were below reporting requirements. The environmental survey of the premises indicated that the well was in close proximity to two effluent disposal tanks and that both the well and septic systems were installed in fractured basalt, which is conducive to cross-contamination. In addition, a chlorinator installed after a coliform violation in 1995 was malfunctioning.
Noroviruses are important agents of waterborne nonbacterial gastroenteritis. Outbreaks from these viruses often show a cold weather seasonality (10, 36) although summertime outbreaks are also reported. An interesting finding was the presence in this outbreak of a genogroup I norovirus in the well water and stool samples. Genogroup II strains have been more commonly found in recent outbreaks (18, 33) . The presence of a genogroup II strain in one of the stool samples and its absence in well water samples imply that this strain may have been circulating in the water but either was not present at the time of sampling or was present at titers below the detection limit of the assay. Alternatively, it might not be water related.
Currently, surrogates such as total and fecal coliforms are used as indicators of fecal contamination. These surrogates provide great public health benefits but may not always be reliable indicators of the presence of viruses (33) , especially for small public systems. Noroviruses have rarely been detected during outbreaks of waterborne diseases, in part due to the lack of suitably sensitive methods. The EPA molecular method used in this investigation has a major sensitivity advantage over methods used in other outbreaks, where less than 1 liter of groundwater could be analyzed per RT-PCR assay. EPA's method provided a degree of concentration such that each RT-PCR assay received the equivalent of 50 liters out of the 2,010 liters of water passed through the 1MDS cartridge filter. This study shows the usefulness of molecular methods as a supplement to environmental and epidemiological data in outbreak investigations. The method, which can be performed in most state regulatory laboratories with the proper training of personnel and adequate equipment and reagent support, provides an additional tool for virus occurrence studies, for studies on indicator-virus relationships, and for testing the criteria for vulnerability under EPA's proposed Groundwater Rule (http: //www.epa.gov/ogwdw000/smallsys/ndwac/gwater.html).
